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Preface 
This volume contains the Proceedings of the Thirteenth Conference on the Mathematical Foun- 
dations of Programming Semantics. The Conference was held on the campus of Carnegie Mellon 
University, Pittsburgh, PA from 23 to 26 March 1997. The meeting was co-chaired by Stephen 
Brookes and Michael Mislove, who also co-chaired the Program Committee. 
The papers in this volume were selected by the Program Committee from submissions received 
in response to a Call for Papers, or were solicited by the Organizers and Program Committee. 
As has been customary with past MFPS Conferences, there was a preliminary Proceedings that 
was distributed in hardcopy at the meeting. Authors have had a chance to revise their papers 
after the conference, and this electronic version of the Proceedings contains revised versions the 
original submissions. 
Thanks are due to a number of people who have provided support for the conference. Among 
this group are the Program Committee members: 
Paul Gastin (LZTP) 
Michael Huth (Kansas State) 
Alan Jeffrey (Sussex) 
Prakash Panangaden (McGill) 
Edmund Robinson (Sussex) 
Jan Rutten (CWO 
Radha Jagadeesan (Loyola, Chicago) 
Neil Jones (DIKU) 
Peter O’Heam (Queen Mary / Westfield) 
John Power (Edinburgh) 
Giuseppe Rosolini (Genoua) 
Dieter Spreen (Siegen) 
Ian Stark ( Aarhus) 
Also, thanks are due to the anonymous referees who helped review the submissions for the 
meeting. 
There was one special session during the meeting. This focused on the contributions that 
Dana Scott has made to the area of semantics research. As the Dedication below indicates, the 
occasion for this special session was Dana’s 65th birthday year. We thank the participants for 
their contributions. 
0304-3975/98/%19.00 @ 1998-Elsevier Science B.V. All rights reserved 
PI1 SO304-3975(97)00249-l 
356 Volume 6: Table of Contents with Abstracts/ Theoretical Computer Science 206 (1998) 355-363 
The Organizers for the MFPS series are Stephen Brookes, Michael Main, Austin Melton, 
Michael Mislove and David Schmidt. On behalf of the participants, we wish to express our 
thanks both to the Office of Naval Research, and especially Dr. Ralph Wachter, who have 
generously supported this series. 
Lastly, we also wish to thank Ms. Jan Koehler, who very efficiently attended to the details 
of arranging for the meeting needs. Without her efforts, the meeting would not have run as 
smoothly nor have been as productive and enjoyable as it was for the participants. 
The Organizers 
Dedication 
We dedicate this Proceedings of MFPS XIII to Dana S. Scott on the occasion of his 65th 
birthday. During the meeting, a special session focused on the many and varied contributions 
of Dana’s work to semantics and related areas. On behalf of the participants at MFPS XIII, the 
Organizers wish to express their thanks and their admiration to Dana for his leadership which has 
been a driving force in the growth of semantics research and in the applications of its underlying 
theory to many areas of mathematics and theoretical computer science. 
Gilles Barthe, John Hatcliff and Morten Swenson 
A notion of classical pare type system 
http://www.elsevier.nl/locate/entcs/volue6.html 
We present a notion of classical pure type system, which extends the formalism of pure type 
system with a double negation operator. 
Stephen Brookes 
Idealized CSP: rombining procedures with communicating processes 
http://www.elsevier.nl/locate/entcs/volue6.html 
Idealized CSP is a programming language combining simply typed, call-by-name procedures 
with asynchronous communicating processes. The language also generalizes Reynolds’ Idealized 
Algol by adding typed channels and the ability to spawn parallel processes. Procedures per- 
mit the encapsulation of common communication protocols and parallel programming idioms. 
Local variables and local channel declarations provide a way to delimit the scope of interfer- 
ence between parallel agents. The combination of procedures and communicating parallelism 
raises significant semantic problems. We show - perhaps surprisingly, given the fundamental 
differences in underlying process model - that ideas used to model the combination of shared- 
variable parallelism and procedures can be adapted to the communication-based setting. This is 
further evidence in favor of the orthogonal&y of procedures and concurrency, and also shows 
that the shared-variable and communication-based paradigms have a lot in common, semantically. 
Our semantics introduces a generalization of “transition traces” and “possible worlds”, incorpo- 
rating an “object-oriented” treatment of channels. The semantics supports reasoning about safety 
and liveness properties of processes at the same time as validating natural laws of functional 
programming. 
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Patrick Cousot 
Constructive design of a hierarchy of semantics of a transition system by abstract interpretation 
http://www.elsevier.nl/locate/entcs/volume6.html 
357 
We construct a hierarchy of semantics by successive abstract interpretations. Starting from 
a maximal trace semantics of a transition system, we derive a big-step semantics, termination 
and nontermination semantics, natural, demoniac and angelic relational semantics and equiv- 
alent nondeterministic denotational semantics, D. Scott’s deterministic denotational semantics, 
generalized/conservative/liberal predicate transformer semantics, generalized/total/partial correct- 
ness axiomatic semantics and corresponding proof methods. All semantics are presented in uni- 
form fixpoint form and the correspondence between these semantics are established through 
composable Galois connection. 
Frank de Boer and M. Gabbrielli 
Infinite computations in concurrent constraint programming 
http://www.elsevier.nl/locate/entcs/volume6.html 
We present a fully abstract model for concurrent constraint programming which besides de- 
scribing the results of terminating computations also describes the results of those non-terminating 
computations which are fair with respect to the parallel agents. The justification of the recursive 
definition of the model is given in terms of the least fixpoint of a function which is continuous 
with respect to reverse set-inclusion. 
Abbas Edalat and Peter John Potts 
A new representation for exact real numbers 
http://www.elsevier.nl/locate/entcs/volue6.html 
We develop the theoretical foundation of a new representation of real numbers based on the 
infinite composition of linear fractional transformations (lft), equivalently the infinite product of 
matrices, with non-negative coefficients. Any rational interval in the one point compactification 
of the real line, represented by the unit circle S’, is expressed as the image of the base interval 
[O,m] under an lft. A sequence of shrinking nested intervals is then represented by an infinite 
product of matrices with integer coefficients such that the first so-called sign matrix determines 
an interval on which the real number lies. The subsequent so-called digit matrices have non- 
negative integer coefficients and successively refine that interval. Based on the classification of 
M’s according to their conjugacy classes and their geometric dynamics, we show that there 
is a canonical choice of four sign matrices which are generated by rotation of S’ by n/4. 
Furthermore, the ordinary signed digit representation of real numbers in a given base induces a 
canonical choice of digit matrices. 
Marcel0 Fiore and Giuseppe Rosolini 
The category of Cpos from a synthetic viewpoint 
http://www.elsevier.nl/locate/entcs/volue6.html 
We provide an internal characterization of the category w-Cpo of w-complete posets and CO- 
continuous functions within the model X of SDT recently introduced by the authors. It follows 
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that w-cpos lie between the two extreme synthetic notions of domain given by repleteness and 
well-completeness. 
Rob Flagg and Ralph Kopperman 
Computational models for ultrametric spaces 
http://vuv.elsevier,nl/locate/entcs/volue6.html 
For every ultrametric space, the set of closed balls of radius 0 or 2-” for some n, form an 
algebraic poset under reverse inclusion. If the ultrametric space is complete-separable, then they 
form a Scott computational model for it. Conversely, every topological space with an algebraic 
computational model is a complete-separable ultrametrizable space. 
Reinhold Heckmann 
Abstract valuations: A novel representation of Plotkin power domain and Vietoris hyperspace 
http://wvv.elsevier.nl/locate/entcs/volue6.html 
Abstract valuations on a topological space X are functions that map open sets to 0, 1, or 
one value in between. We define a space of abstract valuations which for a continuous dcpo X 
is homeomorphic to the Plotkin power domain of X, and for a Hausdorff space X yields the 
Vietoris hyperspace of X. Thus, we obtain a novel concrete representation of the Plotkin power 
domain. This representation is more similar to the standard representation of the probabilistic 
power domain than the previously known ones. 
Hoogde Hu and Andre Joyal 
Coherence completions of categories and their enriched softness 
http://www.elsevier.nl/locate/entcs/volue6.html 
We summarize some recent results on coherence completions of categories. Our goal is to 
demonstrate that there is a close connection between Girard’s coherence spaces and free bicom- 
plete categories. We extend coherence spaces to C-valued coherence spaces with an arbitrary 
category C, called the coherence completion of C, and study its enriched softness. We show 
that the coherence completion of C is monoidal closed, or *-autonomous when C is. The inter- 
pretation of the connectives of linear logic in the coherence completions provides a way to use 
the free bicompletions to capture semantics of linear logic. 
Michael Hutb 
A powerdomain of possibility measures 
http://www.elsevier.nl/locat.e/entcs/volume6.html 
We provide a domain-theoretic framework for possibility theory by studying possibility mea- 
sures on the lattice of opens Lo(X) of a topological space X. The powerspaces P,o,,,(X) and 
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PIO,I~(X) of all such maps extend to functors in the natural way. We may think of possibility 
measures as continuous valuations by replacing ‘+’ with ‘V’ in their modular law. The functors 
above send continuous maps to sup-maps and continuous domains to completely distributive 
lattices; in the latter case they are locally continuous. Finite suprema of scalar multiples of point 
valuations form a basis of the powerdomains above if O(X) is the Scott-topology of a continuous 
domain. The notions of [0, l]- and [0, oo]-modules corresponds to that of continuous cones if 
addition on the reals and on the module is replaced by suprema. The powerdomain Pto.,)(D) 
is the free [0, co]-module over a continuous domain D. 
Achim Jung, Mathias Kegelmann and M. Andrew Moshier 
Multi lingual sequent calculus and coherent spaces 
http://www.elsevier.nl/locate/entcs/volume6.html 
We study a Gentzen style sequent calculus where the formulas on the left and right of the 
turnstile need not necessarily come from the same logical system. Such a sequent can be seen 
as a consequence between different domains of reasoning. We discuss the ingredients needed to 
set up the logic generalized in this fashion. The usual cut rule does not make sense for sequents 
which connect different logical systems because it mixes formulas from antecedent and succedent. 
We propose a different cut rule which addresses this problem. The new cut rule can be used as 
a basis for composition in a suitable category of logical systems. As it turns out, this category is 
equivalent to coherent spaces with certain relations between them. Finally, cut elimination in this 
set-up can be employed to provide a new explanation of the domain constructions in Samson 
Abram&y’s Domain Theory in Logical Form. 
Max I. Kanovich, Mitsuhiro Okada and Andre Scedrov 
Phase semantics for fight linear logic 
http://www.elsevier.nl/locate/entcs/volume6.html 
Light linear logic (Girard, 1995) is a refinement of the propositions-as-types paradigm to 
polynomial-time computation. A semantic setting for the underlying logical system is introduced 
here in terms of fibred phase spaces. Strong completeness is established, with a purely semantic 
nroof of cut elimination as a consequence. A number of mathematical examples of fibred phase 
spaces are presented that illustrate subtleties of light linear logic. 
Yoshiki Kinoshita, John Power and Makoto Takeyama 
Sketches 
http://www.elsevier.nl/locate/entcs/volue6.html 
We generalise the notion of sketch. For any locally finitely presentable category, one can 
speak of algebraic structure on the category, or equivalently, a finitary monad on it. For any 
such finitary monad, we define the notions of sketch and model and prove that any sketch has 
a free model on it. This is all done with enrichment in any monoidal biclosed category that is 
locally finitely presentable as a closed category. The leading example is the category of small 
categories together with the monad for small categories with binary products: we then recover 
the usual notion of binary product sketch; and that is typical. This generalises many of the extant 
notions of sketch. 
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Michael Makkai and Giuseppe Rosolini 
Studying repleteness in the category of Cpos 
http://www.elsevier.nl/locate/entcs/volume6.html 
We consider the notion of replete object in the category of directed complete partial orders and 
Scott-continuous functions, and show that, contrary to previous expectations, there are non-replete 
objects. The same happens in the case of o-complete posets. 
Michael Mislove 
Using duality to solve domain equations 
http://www.elsevier.nl/locate/entcs/volue6.html 
In this paper we show how the natural duality between the category CPO” of cpos and con- 
tinuous mappings which are upper adjoints and the dual category CPOL of cpos and continuous 
lower adjoints leads to a simple proof that certain endofunctors preserve projective limits. This 
can be used to show that such functors have invariant objects, which provide solutions to domain 
equations they define. In addition, we refine the results by applying them to subcategories of 
ALG, the category of algebraic cpos and continuous maps, and we also show how analogous 
results can be derived for the category CON of continuous cpos and continuous mappings. 
Eugenio Moggi 
A categorical account of two-level languages 
http://www.elsevier.nl/locate/entcs/volue6.html 
We give an account of two-level languages in terms of indexed categories and universal 
properties well-known in the context of categorical logic. This account provides three impor- 
tant insights: establishes precise analogies between two-level languages and module languages, 
explains the two-level languages used in partial evaluation (see Gomard and Jones, 1991) in 
terms of those used for code generation (see Nielson, 1992), suggests extensions that should be 
valuable for type-specialization (see Hughes, 1996) and shape-analysis (see Belle’ and Moggi, 
1997). 
Susan Older 
A framework for fair communicating processes 
http://www.elsevier.nl/locate/entcs/volume6.html 
This paper describes a general framework for modeling fairness for communicating processes, 
based on the notion of fair traces. Intuitively, a fair truce is an abstract representation of a fair 
computation, providing enough structure to capture the important essence of the computation 
(e.g., the sequences of states encountered or the communications made along it) as well as any 
contextual information necessary for compositionality. The key for determining this necessary 
contextual information is the introduction of parameterized fairness notions, which permit com- 
positional characterizations of fairness. In contrast, most traditional treatments of fairness are 
based on operational semantics (see Francez, 1986; Apt and Olderog, 1991) and do not lend 
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themselves naturally to compositional reasoning. This trace framework is remarkably robust. By 
varying the structure of the traces, we can construct several different semantics that reflect dif- 
ferent types of fairness assumptions for the same language of communicating processes. These 
semantics in turn support not only compositional reasoning about fair program behavior but also 
the comparison of different fairness notions and the semantic structure that they require. 
John Power 
Modularity in denotational semantics 
http://www.elsevier.nl/locate/entcs/volume6.html 
We consider a modular approach to denotational semantics. We reformulate and extend the 
idea of monads as notions of computation to algebraic structure together with a construction of 
an extended semantic category. We show that upon making that reformulation, one can obtain 
some account of modularity, in particular accounting for the interaction between side-effects and 
various forms of nondeterminism. That involves extending the notion of distributivity of a monad 
over another monad to distributivity of a monad over any algebraic structure. We give a general 
theorem which asserts when algebraic structure extends along a Kleisli category, thus allowing 
modularity. 
Vaughan R. Pratt 
Towards full completeness of the linear logic of Chu spaces 
http://www.elsevier.nl/locate/entcs/volue6.html 
We investigate the linear logic of Chu spaces as defined by its dinaturality semantics. For 
those formulas of multiplicative linear logic limited to at most two occurrences of each vari- 
able, we prove till completeness of Girard’s MIX-free axiomatization, namely that the cut-free 
proof-nets of such formulas are in a natural bijection with the dinatural elements of the corre- 
sponding functors. 
Michael B. Smyth 
Topology and tolerance 
http://www.elsevier.nl/locate/entcs/volue6.html 
How may the structures employed in ordinary analysis, such as the reals, be accommodated 
in the digital universe? Tolerance space theory, which was introduced by Poincark and (inde- 
pendently) Zeeman, as a kind of alternative topology, is a promising candidate. Here we argue 
that the way forward lies in viewing topology and tolerance as complementary rather than as 
alternative(s). 
Philipp Siinderhauf 
Tensor products and powerspaces in quantitative domain theory 
http://www.elsevier.nl/locate/entcs/volue6.html 
One approach to quantitative domain theory is the thesis that the underlying boolean logic of 
ordinary domain theory which assumes only values in the set {true ,f alse} is replaced by a 
362 Volume 6: Table of Contents with Abstracts/ Theoretical Computer Science 206 (1998) 355-363 
more elaborate logic with values in a suitable structure Y. (We take Iv to be a value quantale.) 
So the order g is replaced by a generalised quasi-metric d, assigning to a pair of points the 
truth value of the assertion x g y. 
In this paper, we carry this thesis over to the construction of powerdomains. This means 
that we assume the membership relation E to take its values in V. This is done by requiring 
that the value quantale Y carries the additional structure of a semiring. Powerdomains are then 
constructed as free modules over this semiring. 
For the case that the underlying logic is the logic of ordinary domain theory our construction 
reduces to the familiar Hoare powerdomain. Taking the logic of quasi-metric spaces, i.e. Y = 
[0, co] with usual addition and multiplication, reveals a close connection to the powerdomain of 
extended probability measures. 
As scalar multiplication need not be nonexpansive we develop the theory of moduli of continu- 
ity and m-continuous functions. This makes it also possible to consider functions between quanti- 
tative domains with different underlying logic. Formal union is an operation which takes pairs as 
input, so we investigate tensor products and their behavior with respect to the ideal completion. 
Hayo Thielecke 
Continuation semantics and selfhijointness 
http://ww.elsevier.nl/locate/entcs/volue6.html 
We give an abstract categorical presentation of continuation semantics by taking the continua- 
tion type constructor 1 (or cant in Standard ML of New Jersey) as primitive. This constructor 
on types extends to a contravariant functor on terms which is adjoint to itself on the left; re- 
stricted to the subcategory of those programs that do not manipulate the current continuation, it 
is adjoint to itself on the right. 
The motivating example of such a category is built from (equivalence classes of typing judge- 
ments for) continuation passing style (CPS) terms. 
A call-by-value i-calculus with the control operator callcc as well as a call-by-name I- 
calculus can be interpreted. Arrow types are broken down into continuation types for argument/ 
result-continuations pairs. Specialising the semantics to the CPS term model allows a reconstruc- 
tion of CPS transforms. 
Peter J. Thiemann 
Correctness of a region-based binding-time analysis 
http://wwu.elsevier.nl/locate/entcs/volue6.html 
A binding-time analysis is the first pass of an offline partial evaluator. It determines which 
parts of a program may be executed at specialization time. Region-based binding-time analysis 
applies to higher-order programming languages with first-class references. The consideration of 
effects in the determination of binding time properties makes it possible to have a partial evaluator 
perform assignments at specialization time. We present such a region-based binding-time analysis 
and prove its correctness with respect to a continuation-style semantics for an annotated call- 
by-value lambda calculus with ML-style references. We provide a relative correctness proof that 
relies on the correctness of region inference and on the correctness of a binding-time analysis 
for an applied lambda calculus. The main tool in the proof is a translation from terms with 
explicit region annotations to an extended continuation-passing store-passing style. The analysis 
is monovariant/monomorphic, however, essentially the same techniques can be used to derive a 
polyvariant/polymorphic analysis. 
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Franck van Breugel 
Failures, finiteness and full abstraction 
http://www.elsevier.nl/locate/entcs/volume6.html 
For a simple CCS-like language a trace semantics and a failure semantics are presented. The 
failure semantics is shown to be fully abstract with respect to the trace semantics if and only if 
the set of internal actions is infinite. 
Guo-Qiang Zhang and William C. Rounds 
Resolution in the Smyth powerdomain 
http://www.elsevier.nl/locate/entcs/volume6.html 
The purposes of this paper are (i) to give a new, efficient representation of Smyth power- 
domains as O-inhabited information systems, following the style of Scott; and (ii) to introduce, 
as a consequence of this representation, a generalized resolution method for an arbitrary Smyth 
powerdomain and show the soundness and completeness of this method. The connection of (i) 
with (ii) comes from the observation that the elements of a Smyth powerdomain are semantically 
equivalent to the basic notion of “clauses” as used in the area of logic programming. 
